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Objectives: The aim of this study was to evaluate the ﬂavonoid content of an ethanolic leaf extract
from the medicinal plant Rourea induta Planch. (RIEE) and to investigate its hepatoprotective po-
tential and in vivo antioxidant effects.
Methods: Using samples from carbon tetrachloride-treated Wistar female rats treated orally with or
without RIEE, we evaluated the aspartate aminotransferase, alanine aminotransferase, and total
bilirubin levels in plasma; the levels of the hepatic oxidative stress markers catalase, superoxide
dismutase, glutathione peroxidase, and reduced glutathione in liver homogenates; and the thio-
barbituric acid reactive substance levels. A histopathology study was performed. A quantitative
analysis of the RIEE extract was performed using high-performance liquid chromatography to
evaluate its ﬂavonoid content.
Results: Oral administration of RIEE signiﬁcantly reduced carbon tetrachloride-induced elevations
in the levels of plasma markers of hepatic damage and lipid peroxidation. It also rescued histo-
pathologic alterations observed in the liver and levels of oxidative stress markers.
Conclusions: RIEE exhibits antioxidant and hepatoprotective activities in vivo, which may be
attributable to its ﬂavonoids composition [hyperin (2), quercetin-3-O-b-xyloside (4), quercetin-3-
O-a-arabinofuranoside (5), and quercetin (6)].
 2014 Elsevier Inc. All rights reserved.Introduction
Oxidative stress results from an imbalance in the antioxidant
defense system and production of reactive oxygen species (ROS),
including superoxide radicals, hydroxyl radicals, and hydrogen
peroxide, resulting from aerobic metabolism [1]. This imbalance
causes damage to cell components, increasing the risk for severalx: þ33 1 69 07 72 47.
ll rights reserved.chronic human diseases. In particular, increases in ROS levels
favor several diseases such as atherosclerosis, diabetes, and
neurodegenerative disorders and are involved in the aging pro-
cess [2].
To counteract this damage, living organisms have developed
an antioxidant defense system that involves an arsenal of
enzymatic and non-enzymatic processes. The enzyme system
includes catalase (CAT), superoxide dismutase (SOD), and
glutathione peroxidase (GPx) [3]. Natural and synthetic antiox-
idant scavengers also may prevent diseases in which ROS are
M. Kalegari et al. / Nutrition 30 (2014) 713–718714involved [2]. Within this context, there is great interest in eval-
uating medicinal plants as sources of new molecules to be used
in the pharmaceutical and food industries, for example. In this
context, ﬂavonoids have attracted considerable attention as a
result of their intrinsic ROS scavenging properties [4]. Flavonoids
inhibit the free radical chain reaction by donating hydrogen
atoms to peroxyl or hydroxyl radicals. This process generates
ﬂavonoid radicals that react with the free radical and end the
chain reaction. Furthermore, ﬂavonoids also act as anti-
inﬂammatory, antiallergenic, antitumor, antiulcerogenic, anti-
platelet, antimicrobial, and antiviral compounds owing to their
ability to scavenge ROS and reactive nitrogen species [5,6].
Previous phytochemical investigations on Rourea induta
have demonstrated that this plant species contains a high level
of ﬂavonoids associated to a promising in vitro antioxidant
activity [7,8]. It was therefore relevant to investigate its
in-vivo-antioxidant potential. To our knowledge, there are very
few reports on the medicinal use and biological activities of
Rourea species. Interestingly, Rourea coccinea, a related species
from Africa, has demonstrated anti-inﬂammatory and hep-
atoprotective activities [9,10]. This study quantiﬁes R. induta leaf
ethanolic extract (RIEE) ﬂavonoid content and investigates the
in vivo antioxidant effects of this extract in a carbon tetrachloride
(CCl4)-induced hepatotoxicity rat model as an alternative for
improving and/or reversing liver damage.
Materials and methods
Chemicals
Thiobarbituric acid, catechin, trichloroacetic acid, 5,5’-dithiobis-(2-
nitrobenzoic acid), potassium dihydrogen phosphate, CCl4, t-butyl hydroperox-
ide, 2-mercaptoethanol, xanthine, xanthine oxidase, and cytochrome C were
supplied by Sigma-Aldrich Co. (St. Louis, MO, USA). Thiopental and Legalon
were obtained from Cristalia and Nycomed Pharma (S~ao Paulo, SP, Brazil),
respectively. Diagnostic kits to evaluate hepatic function markers were pur-
chased from Biosystems (Barcelona, Spain). High-performance liquid chroma-
tography (HPLC)–grade acetonitrile was supplied by Tedia (Rio de Janeiro, RJ,
Brazil), sulphuric acid byMerck (S~ao Paulo, SP. Brazil), phosphoric acid by Nuclear
(S~ao Paulo, SP, Brazil), and 0.22 mm syringe ﬁlters by Allcrom (S~ao Paulo, SP,
Brazil). All other chemicals and reagents were analytical grade.
Plant material and extract preparation
Plant material was collected in November 2009 and August 2010. Powdered
air-dried leaves (2.3 kg) were extracted in a Soxhlet apparatus with 99% ethanol
for 96 h. The ﬁltrate was concentrated by rotary evaporation at 40C to yield 54 g
of crude extract, which was stored at 4C for further experiments [7].
Flavonoid quantiﬁcation by HPLC
Flavonoid quantiﬁcation was performed using a method developed on a
Merck Hitachi – Elite Lachrom (Rockland, MA, USA) HPLC system equipped with
a Diode-array detector (DAD) L-2450. Separationwas achieved on an XTerra RP18
5 mm, 4.6  250 mm column (Dublin, Ireland). The elution was conducted using
0.01 M aqueous sulphuric acid and 0.2% phosphoric acid (solvent A) and aceto-
nitrile (solvent B) with an elution gradient of A/B 98/2 to 60/40 in 35 min. The
ﬂow rate was 1.0 mL/min. Chromatograms were recorded at 356 nm. The in-
jection volume was 20 mL. All solutions were ﬁltered through a 0.22 mm mem-
brane. Identiﬁcation and quantiﬁcation were accomplished using external
calibration. The results are expressed in mg of equivalent standard/g of the
extract. The method was validated according to ICH [11] speciﬁcations using
linearity, selectivity, precision, and robustness parameters.
Animals and experimental design
Female 60-d-old Wistar rats (200–240 g) from Central Animal House (CCS,
UFRN) were housed at 22  3C with a 12-h light–dark cycle and fed a standard
diet (Labina-Purina, S~ao Paulo, SP, Brazil) and water ad libitum. All animal ex-
periments were approved by the UFRN Ethical Committee (Protocole No. 029/
2011 [16/11/2011], CEUA/HUOL/UFRN) and performed following the Animal Care
and Use guidelines set by the Brazilian College of Animal Experimentation. Ratswere randomly assigned to four experimental groups (n ¼ 5), as described later.
CCl4 was administered intraperitoneally (i.p.) at a single dose of 2 mL/kg, diluted
in corn oil (vehicle 50%, v/v) to animals in groups 2 to 4.
Group 1 (G1): Control, received 1.25 mL/kg i.p. of vehicle.
Group 2 (G2): Toxicant (CCl4, 2.0 mL/kg, i.p).
Group 3 (G3): CCl4 þ Legalon for 7 d (50 mg/kg, p.o.).
Group 4 (G4): CCl4 þ RIEE for 7 d (500 mg/kg, p.o.).
RIEE and Legalon were administered by gastric gavages daily for 7 d starting
24 h after CCl4-induced liver injury. Legalon was used as a standard drug.
Tissue sample collection and processing
On day 8, animals were anaesthetized (40 mg/kg, i.p. of thiopental), sacriﬁced
by cervical dislocation, and submitted to laparotomy. Blood was collected by car-
diac puncture into non-heparinized tubes and centrifuged (980 g/4 C for 10 min)
to obtain serum for biochemical tests. The livers were quickly excized, washed, and
used to determine the levels of the oxidative stress markers (thiobarbituric acid
reactive substance [TBARS], SOD, CAT, GPx, and reduced glutathione [GSH]) and for
histopathologic studies. All determinations were performed in triplicate.
Liver homogenates
Hepatic tissues were homogenized in cold 50 mM potassium phosphate
buffer (pH 7.0) using a Potter-Elvehjem homogenizer to give a 10% (w/v) liver
homogenate and centrifuged (9980 g for 4 min). The supernatant was used for
TBARS, GSH, and antioxidant enzyme assays.
Serum parameters
Aspartate aminotransferase (AST), alanine aminotransferase (ALT), and total
bilirubin (TB) levels were analyzed to assess hepatic function using Biosystems
kits (Barcelona, Spain), according to the manufacturer’s instructions.
Oxidative stress analyses
TBARS levels were determined by a previously described method [12]. TBARS
concentrations were expressed as mmol/L. SOD activity was determined at 550
nm asmeasurement of the inhibition of cytochrome C reduction and expressed in
U/mg protein [13]. CAT activity was measured by H2O2 decomposition at 230 nm
[14] and expressed in U/mg protein, whereas GPx activity was determined by
nicotinamide adenine dinucleotide phosphate oxidation of t-butyl peroxide at
340 nm and expressed in U/mg protein. The reduced GSH concentration in ho-
mogenates was tested using a previously described method [15]. The absorbance
was measured at 412 nm and the results expressed as mmol/L.
Histopathologic analysis
Liver tissues were ﬁxed in 10% buffered formalin, processed and embedded in
parafﬁn, cut into 4- to 5-mm thick sections, stained with hematoxylin and eosin
and examined under a light microscope for liver damage. The results were
recorded as photomicrographs.
Statistical analysis
Data, expressed as the mean  SD, were analysed by one-way analysis of
variance and Tukey-Kramer posthoc tests using GraphPad Software version 4.0. P
< 0.05 was considered signiﬁcant.
Results
Flavonoid quantiﬁcation
Hyperin could be isolated in large quantities in RIEE. There-
fore, it was chosen as the marker compound, and the relative
proportions of the other ﬂavonoids were expressed as hyperin
equivalents. HPLC-DAD analysis of RIEE (Fig. 1) revealed the
presence of chromatographic peaks corresponding to six ﬂavo-
noids with a total amount of 74.2 mg ﬂavonoid/g of extract.
Hyperin (2) was the main component of RIEE, accounting for
3.56% of the crude extract (i.e., 35.6 mg/g) and representing
nearly 48% of the total ﬂavonoid content (Table 1). The others
were quercetine-3-O-a-arabinofuranoside (5), quercetin-3-O-b-
xyloside (4), unknown ﬂavonoids 3 and 1, and quercetin (6)
(Fig. 2).
Fig. 1. HPLC-DAD chromatogram of Rourea induta Planch. leaf ethanolic extract monitored at 356 nm. 1: Unidentiﬁed ﬂavonoid; 2: Hyperin; 3: Unidentiﬁed ﬂavonoid; 4:
Quercetin-3-O-b-xyloside; 5: Quercetin-3-O-a-arabinofuranoside; 6: Quercetin.
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markers
CCl4-treated rats (group 2) developed extensive hepatic
damage, evidenced by signiﬁcant increases in the levels of serum
liver marker enzymes (AST and ALT activities and TB) compared
with the control group G1 (Table 2). RIEE, at a daily dose of 500
mg/kg, caused a signiﬁcant decrease in ASTand ALTactivities and
TB level (P< 0.001) in CCl4-intoxicated rats (group 3). The serum
marker enzymes and TB level were comparable with those of the
group treated with Legalon (G4). RIEE and Legalon also
decreased liver weights when compared with CCl4-treated rats
(Table 2).Effects of R. induta leaf extract on oxidative stress markers
CCl4 administration provoked acute hepatotoxicity and
caused severe oxidative damage in vivo. CCl4 treatment also
resulted in signiﬁcant decreases (P < 0.001) in the levels of the
hepatic oxidative stress markers CAT, SOD, GPx, and GSH in
group 2 compared with control group 1 (Table 3).
Oral administration of the R. induta leaf extract signiﬁcantly
rescued the decreases in the enzyme activities levels (P < 0.001;
Table 3). Similar results were observed in the group treated with
Legalon. It is worth noting that CAT activity was signiﬁcantly
higher (P < 0.001) in CCl4-treated rats after RIEE and LegalonTable 1
Quantiﬁcation of ﬂavonoid levels in Rourea induta leaf ethanolic extract
Flavonoid Compound relative
proportion (mg/g)
Flavonoid 1 5.22  1.02
Hyperin (2) 35.59  0.01
Flavonoid 3 4.42  0.02
Quercetin-3-O-b-xyloside (4) 7.11  0.05
Quercetin-3-O-a-arabionofuranoside (5) 18.40  0.60
Quercetin (6) 3.53  0.07
Total 74.24  1.67administration compared with the CCl4-treated group. As for
SOD and GPx activities, we observed that RIEE treatment
signiﬁcantly enhanced these activities (P< 0.01 and P< 0.001 for
SOD and GPx, respectively), although Legalon had a stronger
effect. RIEE treatment led to a signiﬁcant increase (P < 0.001) in
GSH levels relative to control and Legalon-treated groups, and a
signiﬁcant decrease in TBARS formation down to the levels
similar to those observed in the control group.Histopathologic evaluation
The histoarchitecture of hematoxylin and eosin-stained liver
sections from the experimental groups was examined by light
microscopy; representative sections are shown in Figure 3.
Figure 3A shows a section from a control animal, which in-
cludes polyhedral-preserved hepatocytes with spherical nuclei,
granulated cytoplasms, small uniform nuclei and nucleoli,
peripherally dispersed chromatin, and prominent nucleoli. In
these cells, the extensive cytoplasm has a variable aspect as a
result of glycogen granules and the presence of abundant free
ribosomes and rough endoplasmic reticulum. Additionally,
binucleated cells and central vein sinusoid Kupfer cells, which
form part of the phagocyte system, are present. Taken together,
these data indicate a healthy liver. Rats exposed to a single doseFig. 2. Chemical structure for ﬂavonoids identiﬁed in Rourea induta Planch. leaf
extracts.
Table 2




ALT (U/L) AST (U/L) TB (mg/dL)
G1 Control 3.46  0.18 50  29 137  48 1.24  0.23
G2 CCl4 4.49  0.41* 389  52* 751  219* 2.60  0.58*
G3 CCl4 þ RIEEy 3.17  0.41 52  13 118  23 1.26  0.26
G4 CCl4 þ Legalony 3.28  0.64 54  30 122  47 1.24  0.15
ALT, alanine aminotransferase; AST, aspartate aminotransferase; CCl4, carbon
tetrachloride; RIEE, Rourea induta ethanolic leaf extract; TB, total bilirubin
Values are expressed as the means  SD
* Values that differ signiﬁcantly from those of the control group (P < 0.001).
y Daily dose 500 mg/kg.
M. Kalegari et al. / Nutrition 30 (2014) 713–718716of 2.5mL CCl4/kg exhibit hepatocytes with diffuse microvesicular
steatosis, ballooning hepatocytes, inﬂammatory inﬁltrates with
neutrophils in the liver parenchyma (which are typical of
chemical hepatitis), necrotic cells with nuclei in karyorrhexis,
and necrosis at 24 h after treatment, reﬂecting severe liver
damage (Fig. 3B). RIEE treatment reversed the CCl4-induced liver
damage; RIEE-treated animals displayed only slight cellular
degeneration, minimal necrosis, hepatocyte regeneration, and a
decrease in fatty deposits, with mild steatosis present in a few
cells (Fig. 3C), indicating recovery of the normal liver architec-
ture. The overall liver histoarchitecture in these animals was
similar to that of the control and the CCl4/Legalon-treated
animals.Discussion
This study evaluated the hepatoprotective activity of RIEE in
an experimental model using CCl4-induced liver toxicity. This
model is widely used because CCl4 induces hepatic changes
analogous to those observed in chemical hepatitis [13]. In the
liver, CCl4 is converted by the cytochrome P450 system into a
trichloromethyl radical. This radical reacts with oxygen to form a
trichloromethylperoxyl radical, which reacts with cell macro-
molecules, inducing lipid peroxidation and provoking hepato-
cyte membrane breakdown [3].
In the present study, liver damage induced by CCl4 was
conﬁrmed by histopathologic analysis, which revealed cellular
correlates of damage 24 h after CCl4 administration (Fig. 3B). This
hepatocellular injury led to an increase in liver weight. Rupture
of cellular membranes resulted in intracellular content leakage
with concomitant elevation of blood hepatic serum markers.
Therefore, serum levels of AST, ALT, and TB, which are established
indicators of liver injury, were elevated. RIEE administration
induced histologic and biochemical changes reﬂecting liverTable 3
Effect of CCl4, RIEE, and Legalon on CAT, GPx, SOD, and GSH in rats
Group Treatment CAT (U/mg protein) SOD (U/mg prote
1 Normal 49.70  14.78 49.8  7.3
2 CCl4 15.42  1.99* 20.0  3.7*
3 CCl4 þ RIEE 60.28  19.79z 35.9  12.8*,k
4 CCl4 þ Legalon 38.97  2.94x 45.9  13.9z
CAT, catalase; CCl4, carbon tetrachloride; RIEE, Rourea induta ethanolic leaf extract; GPx
TBARS, thiobarbituric acid reactive substance
Values are expressed as the means  SD
* Values that differ signiﬁcantly from those of the control group (P < 0.001).
y Values that differ signiﬁcantly from those of the control group (P < 0.01).
z Values that differ signiﬁcantly from those of the CCl4-treated group (P < 0.001).
x Values that differ signiﬁcantly from those of the CCl4-treated group (P < 0.01).
k Values that differ signiﬁcantly from those of the CCl4-treated group (P < 0.05).recovery toward normality. Analogous results have been re-
ported under similar experimental conditions [16–18].
The CCl4-induced oxidative damage to cell membranes was
also associated with an increase in lipoperoxidation, as evi-
denced by an increase in TBARS levels and a decrease in the
reduced GSH content. Because GSH plays an important role in
hepatoprotection, decreased GSH content is associated with
oxidative stress [3]. Post-CCl4 treatment with 500 mg/kg daily of
RIEE over 7 d restored the endogenous antioxidant defense
system, and reversed lipid peroxidation in the liver, thereby
reducing cell damage. In this matter, RIEE proved equally efﬁ-
cient to Legalon (Table 3). The hepatoprotective effect observed
suggests that the ﬂavonoids identiﬁed in the R. induta extract
play an important role in plasmamembrane stabilization, as well
as in repairing liver damage caused by CCl4. In this regard, our
results are in agreement with other studies that have reported
hepatoprotective and antioxidant effects of extracts containing
ﬂavonoids and other phenolic compounds [10,17,19–21]. These
plants exhibit beneﬁcial effects, improving hepatocellular func-
tion and inhibiting free radical generation. The signiﬁcant
decrease in the activities of CAT, SOD, and GPx observed upon
CCl4 treatment is also reversed by RIEE, which restores the
enzyme activities to their control values. These results further
support our ﬁnding that this extract attenuates hepatic injury in
CCl4-treated rats.
Exposure of the liver to CCl4 triggers a series of events that
deregulate cell functions and affect the levels of the endogenous
enzymatic antioxidant system, which consists of CAT, SOD, and
GPx. The signiﬁcant decrease in the activities of SOD and GPx
observed upon CCl4 treatment is also reversed by RIEE treatment,
which restores the enzyme activities to their control values;
analogously to the liver-protective effects described in other
plants, under similar condition [22]. These results further sup-
port our ﬁnding that this extract attenuates hepatic injury in
CCl4-treated rats, a coordinated action of this antioxidant
enzyme system being essential for ROS detoxiﬁcation [23].
Furthermore, GSH levels in group 3 were also signiﬁcantly
increased compared with those in groups 1 and 4 (injured ani-
mals treated with Legalon).
The results described here could be the result of increased
transcription of CAT and GSH, which may play an important role
in RIEE-mediated liver protection. Recent studies have shown
that polyphenols, such as hyperin and rotenone, signiﬁcantly
induce the gene expression of SOD, CAT, and GPx [24] and may
also regulate GSH synthesis [25]. In this regard, several studies
have reported synergistic physiological effects of mixtures of
polyphenols in plant extracts, as well as antioxidant and ROS
scavenger effects of these compounds, resulting in overall
beneﬁcial effects [26,27].in) GPx (U/mg protein) GSH (mmol/L) TBARS (mmol/L)
9.01  1.80 5.09  0.50 28.1  7.3
3.08  0.64* 3.09  0.39* 73.2  9.4*
5.48  1.55 y,k 7.11  0.69*,z 27.8  8.4z
10.15  2.67z 5.83  0.43 y,z 33.1  5.4z
, glutathione peroxidase; GSH, reduced glutathione; SOD, superoxide dismutase;
Fig. 3. Representative photomicrographs of parafﬁn-embedded rat liver sections stained with hematoxylin and eosin. Liver sections from (A) normal control rat showing
normal architecture without cell degeneration and necrosis (magniﬁcation 1000); (B) CCl4-treated rat showing severe cellular changes (magniﬁcation 1000); (C) CCl4-
injured rats treated with RIEE (500 mg/kg, 7 d) showing hepatocyte regeneration to near-normal liver architecture (magniﬁcation 1000); (D) CCl4-injured rats treated with
Legalon (500 mg/kg, 7 d) showing regeneration (magniﬁcation 1000). H, hepatocyte; B, binucleated hepatocyte; S, sinusoid; V, central vein; K, Kupfer cell; N, nucleus; nl,
nucleolus; arrows in A, cytoplasmic granules; arrows in B, lipid vacuoles; Hb, ballooning hepatocyte; Nc, karyorrhexis nucleus; ne, neutrophil.
M. Kalegari et al. / Nutrition 30 (2014) 713–718 717Conclusion
It is concluded that RIEE exhibits antioxidant activity attrib-
utable to its phytochemical composition (e.g., hyperin [2],
quercetin-3-O-a-arabinofuranoside [5], and quercetin-3-O-b-
xyloside [4]); these chemicals scavenge free radicals, restoring
liver function. This work establishes scientiﬁc grounds for the
valorisation of R. induta preparation as a food supplement.Acknowledgments
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